Introduction
Recently environmental problems become more and more critical in every field. In the textile industry ecofriendly textile processing is strongly requested. It is suggested that the reduction or replacement of chlorinated compounds by naturally-occurring materials is one of the most important processes. Many wet-finishing processes that require effluent treatments are operated in the wool industry. The replacement of wet-finishing treatments by low-or zero-effluent processes must be done preferentially in the textile industry. The reduction of adsorbable organic halogens, AOX is particularly important in the textile processing. The chlorine/ Hercosett process which is widely used in the shrink proofing of wool is known to produce AOX in textile waste water. It is said that ca. 70% of AOX produced in shrink proofing of wool top arises from the chlorination of wool, the remaining 30% being supplied by the Hercosett polymer. A further problem is that the treated wool still contains considerable amounts of AOX that may be released during subsequent wet processing. Also chlorination induces yellowing of wool fibers. Serious disadvantages of chlorination are the lowering of wet fastness properties of wool fibers dyed with acid dyes.
From the above viewpoints of ecology the use of enzymes proceeds in the textile processing. However shrink proofing of wool fabrics was found to be difficult by treating with enzyme alone. Also proteases usually employed for shrink proofing caused to decrease tensile strength. It was already shown that shrink resistance is much improved by enzyme treatment after low temperature plasma [1, 2] or pulse corona discharge [3, 4, 5] .
In this article modification of wool fabrics by the pulse corona discharge and a new type of keratinase with a single component and the relation between the shrink resistance and tensile strength have been investigated.
Experimental
Wool fabrics (JIS L0803) were treated by the pulse corona discharge [3] [4] [5] [6] [7] and then enzymes. After the treatment area shrinkage, yarn tensile strength, and handle were measured. The enzymes used in this experiment were Biosoak K, Keratinase II (K II), and its monocomponent (K II-mono), which are obtained from Nocardiopsis sp. and classified as a keratinase [8] . Daiwa Chemical Co. produced these enzymes. Biosoak K is a crude keratinase. K II is purified from Biosoak K and has higher keratinase activity than Biosoak K although K II involves some proteases. K II-mono is a single component of keratinase and a monomeric protein with a molecular weight of 20,000. The enzyme treatment was Abstract: Wool fabrics were modified by pulse corona discharge and enzyme to improve the shrink resistance. The pulse corona treatment alone did not greatly affect the shrink resistance. Thus after the discharge treatment the fabrics were subjected to the treatment with keratinases. The effects of proteases involved in the keratinases on tensile strength were mainly studied. A new type of purified keratinase with a single component was tried. The shrink resistance of pulse corona treated wool was considerably enhanced by the subsequent enzyme application. The shrink proofing, tensile strength, and hand values of primary hand expressions after the dual treatment were investigated. It was found that the single component of keratinase exhibits excellent shrink resistance after the pulse corona discharge. The satisfactory shrink resistance was attained with slight lowering of tensile strength. The primary hand values of the treated fabrics did not change so much after the dual treatment and the good handle of the original wool itself was kept.
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Note carried out in 0.1M Tris-acetate buffer at pH 9 and 50°C in the bath ratio of 1 : 20. The times and concentrations of enzyme treatment were varied. Shrinkage test was carried out according to the IWS TM185 method for 3 hours [9] and the changes in dimensions of wool samples after shrinkage test were assessed in weft and warp directions according to the standard procedure. An environmental SEM, ESEM was taken [10] . The primary hand values of the wool fabrics, that is, KOSHI (stiffness), SHARI (crispness), FUKURAMI (fullness and softness), and HARI (spread, anti-drape) were measured by KES (Kawabata Evaluation System) method [11] .
Results and discussion
The relation between area shrinkage and treatment time or concentration of K II-mono was investigated. The result is shown in Fig. 1 . The area shrinkage decreases with increasing treatment time and also concentration of enzyme. The shrinkage depends on the treatment time of enzyme, whereas its concentration affects slightly the area shrinkage. These phenomena are characteristics of enzyme. It is well known that effects of enzymes are governed mainly by treatment time rather than concentration of enzymes. Thus the results obtained imply that sufficient time of enzyme treatment is necessary to attain satisfactory area shrinkage. Also it was found that the extent of area shrinkage is clearly divided into two groups in the presence and absence of pretreatment of pulse corona discharge. The enzyme treatment after the pulse corona discharge was very effective compared to the enzyme treatment alone.
Similar phenomena have been already observed for the dual treatment of pulse corona discharge and proteases [3, 4, 5] . Yarn tensile strength against treatment time of enzyme is illustrated in Fig. 2 . As is apparent in Fig. 2 , yarn tensile strength decreases considerably with increasing time of enzyme treatment. The influence of enzyme concentration seems to be slight. The pulse corona pretreatment suppresses the lowering of yarn tensile strength.
The relation between yarn tensile strength and area shrinkage after the dual treatment was checked. The yarn tensile strength is plotted against the area shrinkage for Biosoak K, K II, and K II-mono in Figs. 3, 4 , and 5, respectively. The strength decreases with decreasing area shrinkage, but the pulse corona pretreatment suppresses the decrease of the strength. The shrink proofing is able to be achieved under the fairly intensive conditions, but concomitantly the decrease of strength occurs. As is pointed out already, this phenomenon is the most concerned disadvantage for the enzyme treatment. In order to compare with the three kinds of enzymes, Biosoak K (Fig. 3) , K II (Fig. 4) , and K II-mono (Fig. 5) , the results shown in Figs. 3-5 are summarized in Fig. 6 . This figure shows that the effects of enzyme on the tensile strength fall into three main groups. The decrease of tensile strength is very large for Biosoak K. K II-mono is the most efficient enzyme for shrink proofing and strength among the three kinds of enzymes. The decrease of protease involved in the keratinase as contaminants, that is, the increase of purity of keratinase itself causes to depress the decrease of tensile strength. In this experiment the most satisfactory enzyme for shrink proofing is K IImono among the three kinds of enzymes. In this case the decrease of strength is less than 10% relative to the original fibers when the 5% of area shrinkage which is a desirable and expected value is attained as shown in Figs. 5 and 6. Under the mild conditions sufficient shrink resistance is obtained with little change of strength. Wool keratin fibers consist of a core of elongated cortical cells within an outer layer of overlapping curticle cells each of which is covered by an epicuticle membrane. Biosoak K and also K II contain small amounts of proteases as impurities. It is likely that these proteases involved cause to attack the core unevenly and decrease the strength after the enzyme treatment. The influence of the keratinase itself on the core seems to be small. As already reported, in order to observe the surface morphology of the wool fibers treated by the pulse corona and keratinase, SEM was taken under the dry and wet conditions using an environmental SEM, ESEM [4, 10, 12, 13] . The wet condition corresponds to that of laundering compared to the dry one. The SEM pictures of fabrics treated with enzyme alone showed a slight damage [4, 10, 13] . This might result in the decrease of yarn tensile strength. As shown in Fig. 7 , the pictures of the samples after the dual treatment taken under the dry and wet conditions demonstrate that the fibrillation and damage disappear thoroughly and also the edge of scales appears to be smooth or closed even if the picture is taken under the wet condition [14] . As a result the tensile strength might be kept. It is likely that this situation induces the excellent shrink resistance and prevents the wool fabrics from shrinking in laundering.
From the ESCA spectra it was confirmed that the pretreatment of pulse corona discharge causes to change the wool surface more hydrophilic like low temperature plasma treatment [3, 5, 15] . Consequently the treated wool fibers are subjected to uniform surface change by the subsequent enzyme treatment. Modification of fiber surface structure, that is, the lipid over layer of 18-methyleicosanoic acid plays an important role in the process. It is said that Kroy chlorination treatment does increase the wettability of the fiber surface and also shrink resistance, and it is thought to be due to loss of angularity at cuticle edges which leads to a more mobile network of fibers which allows relaxation back in shape after washing. The primary hand values of the wool fabrics after the dual treatment were investigated and the typical results are shown in Fig. 8 . It was found that the handle of the fabrics was not altered after the treatment compared with that of the original ones. 
